Abstract. The Tunka Radio Extension (Tunka-Rex) is a digital antenna array for the detection of radio emission from cosmic-ray air showers in the frequency band of 30 to 80 MHz and for primary energies above 100 PeV. The standard analysis of Tunka-Rex includes events with zenith angle of up to 50
Introduction
The Tunka Radio Extension (Tunka-Rex) is a digital antenna array aimed to detect radio emission from air-showers produced by cosmic rays with energies above 100 PeV in the frequency band of 30-80 MHz [1] . Tunka-Rex requires external trigger and operates jointly with the non-imaging airCherenkov light detector Tunka-133 [2] and the scintillator array of Tunka-Grande [3] .
Each Tunka-Rex antenna station consists of two perpendicular aligned Short Aperiodic Loaded Loop Antenna (SALLA) [4] , which are designed with decreased sensitivity in lower hemisphere. This prevents detection of signals reflected from the ground and reduces systematic uncertainties. However, the sensitivity to inclined events is reduced at the same time, which shifts the threshold by about one order of magnitude to the EeV range. Moreover, the sensitivity to inclined events is suppressed by the acceptance of the trigger. This way we select few high-energy events and present a first analysis of them. Tunka-Rex is triggered either by Tunka-133 (at clear, moonless nights) or by Tunka-Grande (the rest of the time). In this work we take only events triggered by Tunka-Grande, since Tunka-133 has limited field of view by design (up to zenith angles of 50
• ). The reconstruction of inclined events is similar to the standard one, described in Ref. [5] , except for few modifications. First of all, the signal window is extended from 200 to 500 ns due to geometry reasons: the dimensions of an inclined event are much larger than of a vertical one. Secondly, all air-shower parameters, including energy and direction are reconstructed by Tunka-Rex standalone, i.e. Tunka-Grande reconstruction is not included in this analysis.
We analyse events taken from 2015-2017 (424 runs) and set a quality cut on the number of antenna stations with signal. We obtained a subset of 52 events in total for zenith angles from 60
• to 90
• . There are three further cuts applied: 1) zenith angle 60
• -70
• with minimal number of 21 antenna stations (28 events); 2) 70
• -80
• with 16 antenna stations (19 events); 3) 80
• -90
• with 10 antenna stations (5 events).
The distribution of the events on the sky can be seen in Fig. (1) . Low sensitivity to very inclined events is in agreement with the acceptance of the antenna array and the trigger. Moreover, we see a suppression of the flux from North, which can be explained by shadow from mountains with altitude of 1.5-2.5 km in 5-10 km towards North (the asymmetry caused by geomagnetic suppression is not significant for the inclined events and has opposite sign). We estimate the energy E using the following approximation obtained from the standard TunkaRex parametrization [6] :
where κ = 868 EeV/(µV/m) is the normalization factor for vertical events,
• is the average distance to shower maximum for an inclination of 70 • (i.e. inclined events), D 50 • is the average distance to shower maximum for inclination of 50
• (i.e. vertical events), E is the mean value of detected amplitudes. We use E as estimator due to a flattening of the lateral distribution function (LDF) and smearing its features (with expected uncertainty of about 20%-50%).
The distribution of reconstructed energies is give in Fig. (2) . As expected, the threshold is shifted to about 10 18 eV. However, precise reconstruction with the LDF method [6] is difficult due to the smeared LDF. Therefore, other methods of air shower reconstruction are required, for example, a template fit method described in Ref. [7] . 
Summary
We present first analysis of inclined air-shower events detected by Tunka-Rex, where one can see few samples in Fig. (2) , right. Despite of the small number of those events we confirmed that TunkaRex equipped with SALLA is sensitive for this type of events. However, external circumstances can affect the number of detected inclined events, e.g., the shadow of nearby mountains or the not yet investigated influence of the ground, which has to be studied in more detail. Due to smeared LDF, standard methods of reconstruction are not efficient and have low performance. Therefore, more sophisticated methods are required for the reconstruction of very inclined events.
